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INTRODUCTIOH
Q,uinidiiie Tjelongs to that class of compounds Icnown as the
cinchona alkaloids. It is the dextro- isomer of the more
familiar quinine and enters into numerous chemical reactions,
yielding the same end-products as quinine. It is because of
this fact that some of the methods developed for the quan-
titative determination of quinine, mentioned in the historical
review, could be adapted to the quantitative determination
of quinidine.
Quinidine sulfate has had a storiEy pharmacopoeial history.
Not only was it condemned by the Council on Pharmacy and
Chemistry of the American Medical Association, but it was
expelled vigorously from U. S. P. VIII and omittea from
U. S. P. IX. Later it was found that quinidine sulfate could
be used to re-establish the normal rhythm of the heart in
auricullar fibrillation, a condition in which the walls of the
auricles do not contract as a whole or in an effective manner.
Thus the blood flow from the auricles to the ventricles is not
aided by auricular systole. Vith such a discovery, ell was
forgiven and quinidine sulfate was restored to its rightful
position in the U. S. P. X and is comfortably established in
U. S. P. XI.
The purpose of this research is to establish a method for
the quantitative determination of quinidine that will be
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INTRODUCTION
suitable for clinical purposes. Such a method should of
necessity entail brevity, simplicity and accuracy*
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HISTORICAL REVIEW
For purely analytical purposes, the various chemical
methods for the determination of alkaloids in body fluids may
be classified into 5 major groups: namely the colorimetric,
f luorometric , nephelometric, gravimetric, and volumetric. It
is evident that each group has its ovn particular advantages
and disadvantages, vhich ere m.ore inherent in the methods
themselves than in the techniques involved. In this portion of
the thesis the various methods, proceeding from the most useful
and desirable to the least, vill be discussed*
1. Colorimetric Methods :
Some may doubt the validity of placing the colorimetric
methods before the f luorometric but I believe that vhile the
fluorometric methods are more sensitive, the simple apparatus
and technique involved in colorometric methods more than offsets
their comparatively lover sensitivity.
As the name implies the colorimetric methods that have been
developed for the alkaloids are based on their common property
of forming colored complexes vith various reagents and, as must
be the case for any reliable method, the intensity of the
I
color developed must vary directly vith the amount of alkaloid
present
.
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concentrations ol 1:200,000. He employed ether extracts of
hlood and developed a color suitable for measurement by the use
of Msyer’s reagent, KI-Hgl2 » Unfortunately, as was pointed out
by Smorodintzen and Adova^® later, higher results are obtained
then can be expected from the alkaloia itself. Troublesome
precipitates are common and on the vhole the method is lengthy
and complicated. Shvedskii’s method is limited to pure aqueous
solutions of quinine. Rojahn^® attempted to employ the method
in order to determine strychnine, quinine, emetine and
cinchonine in blood and he found that it ras essentially
accurate for only strychnine and emetine. Attempting to modify
the procedure, Rojahn introduced picric acid to develop the
color and could successfully determine all four of the
alkaloids mentioned.
Vedder and Iflssen®® have devised a colorimetric test for
alkaloids in blood in vhich the alkaloid, in this case quinine,
is extracted from the blood with ether. ”The ether is
evaporated, 5 cc of 2N sulfuric acid saturated with zinc sulfate
is added, and the tube immej^sed in the boiling brine bath for
3 minutes in order to bring the quinine into solution. The
jlsolution while hot, is filtered through a no. 42 Vhatman filter,
and, after having cooled to room temperature, an aliquot of the
filtrate, 3 cc is measured into a small test tube. Into 3
- %
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similar test tubes messure 5 cc of each of 3 quinine standard
solutions. Immerse hoth standards and unknown in a cold -rater
bath for 5 minutes in order to bring them to the same
temperature. Then add to the standard •! cc and the unkno-rn
.06 cc of the gum arabic solution, folloved by the same amounts
of potass ium bismuthous iodide reagent (0*1 cc to the standard
and 0.06 cc to the unknom. Mix and compare immediately in the
colorimeter with the standard set at 10 millimeters*"
Vedder and Masen -were completely a-rare of the errors
involved in such a procedure and were completely emphatic in
pointing out that the reaction is first of all non-specific.
The bismuth iodine reagent rill react -with other alkaloids
besides quinine or quinidine and in this respect will react
even with other basic substances, furthermore, the color
developed is not stable and the method is not applicable
•when the alkaloid is below 2 mgm per liter.
In recent years the trend has been to-wards the development
of colorimetric tests in which the alkaloids are coupled with
acid dyes and in this, Prudhomme^^ must be considered as one
of the most foremost pioneers. Prudhomme elaborated a simple
colorimetric test for the determination of quinine in urine
by adding an acid dye to urine and extracting with chloroform*
The resulting color is compared to standards. Aside from this
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HISTORICAL REVIEW
colorimetric test for quinine he has developed a general test
for alkaloids in hlood. A filtrate obtained by treating blood
vith sodium sulfate and normal sulfuric acid is buffered at
pH 7 and a 2% solution of eosin is added* The red color
developed is extracted vith chloroform and compared to
standards. Again, as is the common case, ve find this method
is limited in application because of the faint intensity of
the colored complexes and more so because of the large
adsorption of the colored complex on glasssurf aces*
Although Vedder and Masen vere pioneers in the field of
colorimetric tests for alkaloids it remained for Brodie and
Undenfriend^»^ to develop general procedures Thereby many
synthetic basic organic compounds and a number oi alkaloids
could be determined color imetrically. " The principle of the
method is that many organic bases combine vith certain sulfonic
acids to form molecular complexes vhich are highly soluble in
organic solvents, and that the concentration of base in the
organic solvent may be determined indirectly through a
measTirement of the concentration of the sulf onic acid in the
organic reagent* The technique used to appraised the
specificity of the procedure involves a comparison of the
solubility characteristics of the pure compound with those of
the substance or substances isolated from the biological
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HISTORICAL REVIETr
material and measured in the analytical procedure."
At this point I “would like to Justify the time and space
devoted to Brodie’s work. ?liile his work on the colorimetric
determination of alkaloids is not too detailed, it has served
as the stepping stone for iry work and many other individual
tests and as such merits close consideration#
Brodie describes and I quote verbatim a procedure for
determining cinchonidine in plasma. This particular procedure
has been subsequently modified and adapted by Morton K.
Schwartz, working in conduction with Dr. Norwood K. Schaffer
and Dr. Burnham S. Walker, for the determination of quinidine
in plasma.
"Procedure for plasma—Add 1 to 5 ml of Biological Sample
and 1 ml IN sodium hydroxide to 20 ml of ethylene dichloride
in a 60 ml glass-stoppered bottle and shake for 5 minutes,
preferably on a shaking apparatus. Decant the contents of the
bottle into a 40 ml round bottomed tube and centrifuge for 10
minutes at 2500 R.P.M. to break the emulsion. Remove the
supernatant aqueous layer by aspiration. Return the ethylene
dichloride solution to a 60 ml glass-stoppered bottle (the
original thoroughly rinsed out bottle may be usea), restraining
any coagulum present with a stirring rod. Add an equal voliune
of the alcoholic KOH solution and shake for 10 minutes.
V'
•
! 'r
,
1-
• UCrg^OTSIK
"
. oiuoi^oo'iq C^oiJ’YrsdT s cjJi rti f)^*ii;r©j5drr ;>aj3 TsiiDtasiT
bo.^jca fin- taifcr ^.jt^.-:!.,r. oiJtl btfroyr I Jntoq iA
oi'iCfaniioXoo od^ no ii^ipr eirf c’
-^hoi3: beto'/Jb
aorf ,bc.r/ ooi^" Stiu di .ibi o f 3 'io /lo*^
t
)£>
X ;xjr)i vi oha ':diX;to XP*^' x'ro ' To't 'aoic 5*rr.t(rq[ ?,ts i>ff^ c-;
.
’loi^fi'i'^bie.^oo sboTo bStjou tlo>n^ sa hns ed-aa^
*(0 1 &niJiiaoo‘icf s 7ff*jfjv s^oc/p X B-^rfi-rnav.
S'! -‘i>3>ao'i'r i:^Xrjol J*it’,q[ aXrfx . iflrteisXM nt ar'l bl'flro^D'TX 5 on^nt
• 'J not*ioTZ yd iio^ri b^'- brr-; ftt^XlXbow
-^f Xiti-zj /eecfye aaao' e •
'
*13 t :r£ou i>oa rco'* m dJi y nni^rj;
r
,no *j ni grrliXin r
,
2 d*'A'a£.ot,
©rribinLtWw lo ^nn.rT'Tti^ rfi- toI ,*:'^-xr 3’;7 .R tftCiXan/a .•ta ban
. '*t8«?XT f!C
nXq'.UJo XaoX'aoIoi^i. to Xfft 3 ni' C ftJ0A--'jfli6SXqr no'^ otrjboooT'I'* '
onXmXdoXb io XfR os obijcoiL^cd njvibop .tZ Xiu £ boa
-tijftiw d ^o I t>:jXoiX« £>3- 0X33 d JE>ot Krqo^s - iaaX^ Xcr Od a /ti
odi lo
-3no3tloo ^n^io&a . .-Tj.i-rrvra .
';al-X^r^p. b no ^ ^sig
OX 70 s^i.i.73,T9o had ocfn.t bJiiojiod briiroi Xoi OA «» Ow‘'ni
odd ovom-^
.noXLr^^
.?dt rUiid o3 .IC.^.r, ooa*? 3‘'‘ eedmi.-t
'n;»X\::r33 orf3
.tTi/3e:'
.noX^n-rir: r.r ysS isyst Buoittip- 3na33fj7iKrnc
•
*
hd3) •^rdJo'f D*7c.qfro38-B«cX^ Xq ^*6 : 03 noX trfXoa cJ>i ToIrfoXi.
'
•cat
. rB'iXaB'T ^[ogvu BtS ^rdiod 3no borsitt Y,X.'ni/o7o/(3 XBrrXsX'jn
y'lLjXor XuiTj ; n « u - a .007 5inl77X3e' a rf3t dfraaoT- oyrnt a*?'' 'yn^
.:i33iraXTt OX 70 1 i»jfariQ bn^: ftoidnXoc HOS oXXodooI;; irf3 to
/
-
'r-tfcA-,
> i
f'
n,’ ’
1
'.
HISTORICAL REVIEW
Transfer the contents to a 40 ml tube (the original rinsed out
tube m&y he used) and centrifuge for 1 minute at 2500 R.P.M.
Remove the supernatant aqueous layer completely hy aspiration
and decant the ethylene dichloride into a 60 ml glass-stoppered
pottle (the original thoroughly rinsed out bottle may be used).
Add 0.5 ml of methyl orange reagent and shake i or 5 minutes.
I
Decant into a 25 ml test tube and centrifuge for 5 minutes at
3000 R.P.M. Carefully remove all the supernatant layer by
aspiration, decant the ethylene dichloriue phases into a 25 ml
I
test tube and recentrifuge for 5 minutes. Pipette 10 ml of
I
the ethylene dichloride into a colorimeter tube containing
1 ml of the alcoholic sulfuric acid and mix thoroughly. Read
in the colorimeter rith a filter having a maximal transmission
at 540 mu.
A reagent blank in which rater is substituted for plasma
is run through the same procedure and is used for setting the
instrument to 100^ transmission. This reagent blank should not
give a transmission of less than 97 when ethylene dichloride
plus the alcoholic sulfuric is used to set the instrument to
100 (Evelyn photoelectric colorimeter)."
Although Brodie has worked out general procedures for the
cinchona alkaloias it remains for any interested person to
modify and adapt them to any particular alkaloid. As has been
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HISTORICAL REVIEW
stated Schvartz has recently applied Brodie’s method for
determining cinchonidine to the determination of quinidine
in plasma and the method is quite successful since it is simple
quick and sufficiently sensitive.
The procedure as described above is inadequate for
quinidine and it remained for Schrartz to make the necessary
adjustments. For example, although Brodie recognizes the
necessity of eliminating the alkali before the methyl orange
is added, he proposes no vay of doing it. The fev drops that
remain after aspiration can be, as Schrartz found, removed
by rashing rith 1 ml of distilled rater. It is interesting in
this conrection that the amount of rash rater did not effect
the results. From this the solubility of quinidine in ethylene
dichloride as compared to rater may be readily imagined*
Brodie advocates the use of a fresh reagent blank to set
the Evelyn photoelectric colorimeter to 100 % transmission
9ut in this respect Schvartz found that a stock solution could
De prepared that ras sufficiently stable rhen kept cold so as
bo eliminate the necessity of running concurrent blanks. It
ms finally decided that a mixture of ethylene dichloride and
alcoholic sulfuric acid could be used to set the photometer
to one hundred per cent transmission. The main objection to
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HISTORICAL REVIEr
the ethylene dichloride method seems to he the high plasma
blanks and the emulsions that result vhen the quinidine
solution, the sodium hydroxide and the ethylene dichloride
are shaken* The emulsion is of a troublesome mature since it
is a semi-solid one and since it extends dovn into the bottom
layer of ethylene chloride. Naturally attempts vere made to
overcome these obstacles. The emulsion is broken sufficiently
by the addition of 1 ml of rater to enable one to drar an
aliquot of the ethylene dichloride by inserting a pipette into
the tube. Again an emulsion may result rhen the aliquot is
shaken rith potass ixun hydroxide rhich necessitates a repetition
of the above technique. Various devices vere employed to
eliminate the high plasma blanks none of vhich rere successful.
Trichloroacetic acid, tungstic acid, hydrochloric -heat and
meta-phosphor ic acid 1 iltrates rere prepared but to no avail.
It ras due largely to the objections raised in this last
paragraph that I sought to adapt Brodie’s rork to a colorimetric
test for quinidine that rould embody all the fine pdnts of the
cf the ethylene dichloride method and exclude some of its bad
features *
? . ic Methods :
These methods are dependent on the fact that molecules
or atoms, rhich have been excited by the absorption of light.
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HISTORICALWIET
emit light of a wavelength different from that of the incident
radiation. Generally, the emitted light has a wavelength
greater than that of the incident radiation* Then the incident
radiation is removed, the phenomena of fluorescence ceases.
Usually, after the absorption of light the excited electrons
give up their additional energy to neighboring atoms to be
dissipated as heat. The atoms, alternatively, may reradiate
part of its energy and fall back to the original state. li' the
return is made immediately the phenomena is called fluorescence,
but if it is delayed it is called phosphorescence. Included
among the many substances that fluoresce are petroleum, eosin,
fluorite, certain metallic vapors and quinidine sulfate.
This characteristic fluorescence of quinidine suliate
when exposed to ultraviolet light, affords a method of
quantitative analysis. As would be expected, the number of
methods devised for the determination of quinidine on such a
principle are limited.
Mention has already been made oi a method employing both
9 lu
alkalimetry and f luorometry . Efimenko * exposes a chloroform-
ethyl ether extract of blood containing quinidine to a quartz
lamp and titrates the solution with bromine to the extinction
of the fluorescence. Commonly iodine is employed, but Efimenko
found that the results are better with bromiine since the bromide j
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HISTORICAL REVIEr
of the alkaloids are soluble while the iodides are not#
The number of methods employing fluorometric procedures
are about equally divided into two general types. The
fluorescence is either extinguished by titration or else
measured in a fluorometer. Instances of the latter are the
methods developed by kelsey and Geiling^^, Brodie end
Udenfriend^ and Unti^^.
The method of Kelsey and Ceiling is exceptionally simple.
Sodium hydroxide is added to blood and the mixture heated on a
steam bath. The extraction of the quinidine is accomplished by
ether. The ether is acidified with sulluric acid and the
intensity of the fluorescence measured in a fluorometer.
Brodie and Undent riend dilute plasma with dilute
phosphoric acid. The mixture is centrifuged and the i luores-
cence of the clear solution under ultraviolet light is measured
in a photof luorometer
.
The method developed by Unti is not sufficiently more
accurate than the methods described and entails much more work.
1 ml of blood is dehyarated with sodium sulfate and then made
alkaline with ammonium hydroxide. The extraction of the
quinidine is made with an ether-chloroform mixture and sulfuric
acid added. The fluorescence is compared to standard solutions
prepared by dissolving quinidine in sulfuric acid.
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3« Voliametric Methods :
By far, the greatest nuinber of methods developed for the
determination of the alkaloids, particularly for quinine and
quinidine, fall in this class. Most of the individual tests
developed are outcrops of methods previously developed and only
a fev represent entirely original methods. As is usually the
case, modifications are introduced until the methods hear hut
little resemblance to the original.
Up to 1926, the chief mode oi determining the alkaloids
ras hy volumetric analysis. Methods vere developed for the
alkaloids hut on the v^hole the dissociation constants of the
alkaloids and the titration curves of the latter rere
32
essentially ignored. It remained for Morton to determine
the dissociation constants oi the alkaloids and gather
iniormation as to their general properties. He investigated
the titration curves oi quinine and quinidine being particular-
ly interested in the pH prevailing at the equivalence and at
the half-equivalence point. The titration curves for quinine
and quinidine shov little inflection at the half-vay point and
a more marked inflection at the equivalence point, when they ar<
titrated vith HCL* If one selects the first inflection point
then a limited number of indicators is available. Bromocresol
purple is available but this requires the use of a color
standard containing a buffer solution in order to insure
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HISTORICAL REVIEr
staLiQity of the color. .If the equivalence point is chosen, the
cinchona alkaloids may he accurately titrated without the use of
a buffer solution by means of bromophenol blue. Morton
summarizes the optimiun condition for the titration of the
cinchona alkaloids. The data accumulated by Morton is
constantly referred to in the literature end has served to
guide many of his successors.
Aside from the common volumetric methods, a great number
of procedures are listed that are of the potent iometric variety*
In such methods, a reagent is added gradually until the voltage
changes very rapidly on the addition of a slight amount of
reagent. This great change in voltage, comparatively speaking,
is of sufficient magnitude to be read directly from a
galvanometer but usually a potentiometer is employed. The
voltages as noted on the potentiometer are plotted against the
volume of the reagent added and the steepest part of such a
plot is located by simple inspection. This represents the end
point of the titration. As is often the case, when the end
point is not sufficiently sharp, a plot of the change in voltage
divided by the change in volume against the volume of the
reagent added is made. On such a plot, the end point of the
titration is represented by a sharp peak. The apparatus
required is ^of the simple type, a voltmeter-potentiometer as
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HISTORICAL REVIEW
foimd in most rell-equipped laboratories is entirely
satisfactory.
Many methods applying the above principles to the
determination of quinine and quinidine have been cited in the
22literature. Holt and Kshlenburg investigated the
possibilities of various electrodes. Ag-T, Sh-C and W-C couples
rere tried as electrodes
. The Ag-W vas adjudged the most
satisfactory. It is interesting that the potent iometric
titrations of the alkaloids were entirely satisfactory by this
method with the exceptions of quinine and quinidine. The
results obtained from the potentiometric titrations were in
good agreement with the results obtained with methyl rea &s an
indicator and with the expected calculated results. The choice
of methyl red as an indicator was fortunate since Eiderman has
shown that the end point is exceptionally sharp and should
be preferred to methyl orange that is coirjnonly used#
Prideaux and Winfield^^ employed a quinhydrone electrode
in their potentiometric measurements and were successful in
titrating 0.10-0.05 molar quinine solutions. In connection
with the latter, they cite experimental evidence to Justify the
use of p-nitrophenol and bromocresol purple as indicator for
0.10-.05 molar quinine solutions. The latter two indicators
are used extensively in analysis for quinine.
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HISTORICAL REVIEW
Schemmer and Hoch attempted to push volumetric analysis
still further and accordingly investigated the possibilities
of employing displacement titrations, potent iometrie titrations
and acetone titrations of alkaloid salts. The findings of such
an investigation vere extremely favorable when applied to pure
aqueous solutions, but in the presence of proteins and
degradations products of such the results were poor#
Evidently, such methods cannot be applied to blood#
Thomis^^
,
taking the cub from msthods of Schlemmer and
Koch has devised a general volumetric method for determining
alkaloids that deviates only t #1^ from actual theory# A
suitable indicator is determined experimentally for each
alkaloid and painstaking devices are used to minimize errors.
A thermomicroburet is used by Thomis which not only gives the
exact temperature but permits one to make temperature
corrections of the volumes used#
Various indicators have been successfully employed in the
volumetric procedures for alkaloids, depending on the
particular properties of the alkaloids under question.
Malachite green has been used extensively as an indicator in
the titration of alkaloids with silicdduodecitungst ic acid
but the end point is not sufficiently sharp# Eeinstein^® ^^s
substituted night blue for malachite green and this has been
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found to be decidely more satisfactory* In the course of the
titration of the alkaloid, a colloidal suspension is formed.
"Hien about 90^ of the alkaloid has combined, the precipitate
becomes flocculent* A portion of the supernatant liquid is
transferred to a spot plate and a drop of night blue indicator
solution added. As long as the alkaloid is in excess, the
color on the spot plate is brovn. When an excess of the
reagent is added, it changes to blue. The main objection is
that the night blue has to be made fresh each day# Schulek^^
employs a most unusual indicator. The quinidnie xat to be
determined is placed in some HCL and KBR is added* The
solution is them titrated v^ith potassium bromate, using
alcoholic ethoxychyrsoidine as the indicator.
Papavassiliou^^ has developed one of the simplest methods
that utilizes reagents commonly employed in volumetric
procedures. An excess of potassium permanganate is added to an
acid solution of the alkaloid. A definite weight of oxalic
acid, in slight excess, is introduced and the excess is then
back titrated with potassium permanganate.
The methods cited above, while tedious, can certainly be
utilized by most clinical labatories* In contrast to these,
other volumetric methods have been devised that certainly have
limited clinical application. Grant for instance, has
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devised a very accurate determination for quinidine comting
iHuorometry -with alkalimetry* An acidii ied quinidine solution
is titrated with stanaard sodium hydroxide and the end point
is evidenced by the disappearance of the fluorescence due to
quinidine* The titration is carried out in a dark room under a
ver'ical beam of ultraviolet light# The author claims that the
change is striking and that accurate titrations can be made of
quinidine solutions v-hich are *0001 N or weaker* Such a method
would suffice for clinical purposes onjy in the absence of
other methods *
4* Hepli^etr ic Methods
Most commonly, the comparison of two solutions is based on
their respective colors* This by no means exhausts the
possibilities though, since two solutions may be compared by
virtul^e of the fact that each contains a dilute suspension of
colored material instead of a true colored solution. Naturally,
the latter is only true if the suspension does not flocculate
or settle out before the comparison is made* Thus, a common
method for the analysis of silver involves the comparison of
silver chloride* i
Similarly, the turbidities of two solutions may be compared]
since part of the light that passes through the solutions is
absorbed even thxouoh the solution is not colored. The
31
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nephlometer is "basecl on such a priniciple. A heam of light
strikes the tube containing the solution at right angles to the
axis of the tube and the scattered light is measured.
Most of the ne pillonetrie methods developed for the
alkaloids involve the addition of silicotungst ic acid to the
alkaloid and then a comparisonof the resulting turbidity made
with stendards . Uni ortunately, as Kyker and Lewis^^ discovered,
the turbidity resulting Irom the audition of silicotungstic
acid to quinidine settles out too rapidly to be measured.
NephTlometric methods using silicotungstic acid for quinine, on
the other hand, are extremely sensitive and the turbidity does
|not settle out so rapidly.
I
Stirken and Heligat introduced an entirely new reagent to
develop a turbidity vith the alkaloids. They employ a mixture
of sodium arsenate and ammonium molybdate and claim that it is
the most sensitive reagent known, giving permanent opalescence
even with dilutions of 1:2,000,000. In addition, the reagent is
stable for 5 or 6 months ana gives no opalescence with blood
free from quinine or quinidine.
5. Gravimetr ic Methods :
Clinical methods i or the alkaloids, employing gravimetric
procedures, are relatively few in number. They are, as a rule,
laborious and can detect only large amounts when microtechnique
is not employed.
1o raaocf A . ©Iqi'Oi£ijt*iq e tious no Jbsssd' ex iQ&staofc&^jn
&dS of eaf^e fd^n fs noJtfuZoo odf juri: ai: a tno ^ jcfc/t ^Jr{^^ a^^Ti^fu
. baiuc el trlgjtX baiaj-j-soe i^rff oa« ecfuJ’ eifd’ Ix) eixe
zoTt baqoIaTdb aborfiam al*i^,omoiffccan aiij to faoM
odJt of bl'>i oitosau^ooJtlia a^iJ-Jfcnba ail^ j^rlornt
‘obai ^r{& Yoao 3 ! lOrirtroo naxf^ bxf ^ bl:oC3j(£^.
boiv-’ooeib :.na S' :rf; . nbiebci^Sa rfiX.r
oid’ejxtud’ooiXxe to rfot-tiiibs arf.J raotf i J’Xi^ea'? ^c^Jt >id’tri/t orfx
.hjTueaain acf oJ" yiloiqoT -•ot fuo a^Iffoa anivJtnibp bios
no to x oio: olJean^i^oojt CXc LiK>rf.+oai otTJ--*a-Dj^fvqr^*trj
8‘3ob Dili bna ert^I’^nan ’/^Xqt' t^xo ots TSfld’o sdt'
.y^fbitroT oa fun BiSfaa for.
of Y'^aTt^iT;» rtn b?o«boTirTl i'SjjiCeiT baa ao^zifpj
ozufxlrz .1 ^o Cfrinti v .
-b^oXoj^.x K^i v vii.ldT 3 ToX.vab
ai fl f&Af 'ni ilo hax
-'teO'1’’':.roia riuifiofm>To brt*? ‘^faciOBzo msc ot< o
OTaojc .rX *ao.T ^fUTvqr v/iivr f;r«!Ofr£ ev^Jisfie': iaoT odf
1 fn..}s,»^az ^df tfifotJ-iubT at ._ ,f?:r to ai.-^td-bXXi; rfJ^i r cibvo
OOoZd dft'' ^OfIOD3t»f r»qO Oa QBtIz^ Jn3 Hdfcio." d TO 5 To't oTcf4»^y
. fiiotnfL'j TO ontcilu > nozt oe':'-
; abofft^ :/ oiT^o.'TxTt-TD
oiT^a.'TitTJTv sat 4oXq.3. , :oiaI :£X.i sa^ to r o:: -..if-^ C s»iaiXO
,9XLrT 3 o.i ,iTo “v^cir; .'t^cfraun nx v ’. ^Xavitl’^XeT ^zozubifoozq
9tfoift\o
-JoToxa a-.iv i^. aoaa o^i^t >X ^Xno footed nao bn-i e.xocTOcfgl,
, 01^X0 rrrtTo J’oa ei
HISTORICAL REVIEW
31Monet has developed both gravimetric and volumetric
procedures for alkaloids. In his gravimetric procedure, the
alkaloids are precipitated with HCHS and the salts weighed.
Sticht, on the other hand, precipitates quinine as the
herapathite. An alcholic extract of blood is acidified ith
sulfuric acid and an ioaine solution added. The resulting
solution is filtered and the precipitate washed with alcohol
saturated with herapathite. The precipitate is cried and
weighed.
Miscellaneous Methods ;
In addition to those methods described, we find a few
miscellaneous ones. Lapp, in 1937, took advantage of the
optical rotating power of quinine and developed a procedure
for its quanitative ceterminat ion em.ploying a polar imeter.
The absorption spectra of the various alkaloids have been
inveestigated in the hopes of devising new spectographic
tests for the alkaloics, but the spectra are able to
cistinguish between the alkaloics only qualitatively.
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EXEERBaEFTAL PROCEDURE
EEKZEIIE as the SOLVENT
After a revie-w ol the pertinent literature for the
purpose of devising & colorimetric test for quinidine that
yroula be suitable lor clinical purposes, it remained only to
select some promising and alneady fairly veil developed
procedure and adant it to my needs. 01 all the methods
examined, Broaie’s test employing benzene as the extracting
medium seemed to be one which was flexible enough to lend
itself to my purposes. Accordingly I investigated the
possibilities. In order to facilitate the dissussion end
concilusions drawn irom my experimental work, Brodie*s method
as such should be quoted verbatim lor reference purposes at
this point.
"Procedure—Add to 1 to 10 ml of biological sample
(containing up to 5 gamma of cinchonine) and 1 ml oi 2.5N
NaOH to 30 ml oi benzene in a 60 ml glass-stoppered
bottle and shake for ten minutes on a shaking apparatus.
Allow the phases to separate, centriluging the bottle
il necessary. Aua 0.5 ml ol isoair^l alcohol ana mix with
the benzene phase so as not to disturb the aqueous phase.
Transfer as much of the benzene phase as possible to a
glass-stoppered centrifuge tube containing 0.5ml of
1 N HCL. Shake for 5 minutes and then centrifuge.
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EXIERDENTAL PROCEDURE
BENZENE ^ SOLVENT
•'Carefully remove the benzene phase by aspiration*
Transfer at least 0.3 ml of the aqueous to a micro
colorimeter tube and determine the optical density of the
methyl orange solution at a wave length of 515 mu, using
the Coleman model 6 spectrophotometer adapted to micro
spectrophotometry as described in the procedure for
pamaquine
•
A reagent blank in which water is subslituted for plasma is
run through the above procedure and is used for setting the
instrument to zero optical density* The reagent blank should
not give an optical density of more than 0*010 when 1 N HCL
is used to set the instriiment at zero optical density."
Thus, this method is essentially one in which a sulfonic
acid, methyl orange, is coupled with an alkaloid to form
complexes of high molecular weight. The intensity of the
complex is measured in the Coleman this serves as an index to
the amount of alkaloid present, since the amount of sulfonic
acid entering the reaction is directly proportional to the
amount oi alkaloid already contained in the benzene phase* The
sulfonic acid chosen by Brodie is methyl orange because of its
high color index and since the methyl orange-alkaloid complex
is highly soluble in benzene*
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gXPERIMEITTAL PROCEDURE
EENZBIIB as SOLVENT
Reagents
1* Quinidine Standard: A stock solution is prepared
py dissolving 120.7 mgs of quinidine sulfate in one liter of
•1 N sulfuric acid. Aliquots of this solution are used and
diluted vith distilled vater to give the test solutions of any
particular strength.
2. 10^ sodium hydroxide
3. IN l^drocloric acid
4. .5^ Tooric acid
5. Benzene: This is purified Py successive washings
with one-fifth its volume of IN Sodium hydroxide, 1 N
hydrochloric acid and finally with distilled water.
6. Isoamyl alcohol: this is washed first with one-
||
fifth its volume of 1 N hydrochloric acid followed Py
||
successive washings with distilled water.
7. Methyl orange solution: a solution (saturated) of
methyl orange is prepared Py dissolving the sodium salt of
methyl orange in 0.5 M Poric acid Py gentle heating and
allowing the solution to cool to room temperature. The excess
methyl orange is filtered off. The Poric acid serves to Puffer
the pH at 5 which is optimum for complex formation.
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EXIERIMENTAL PROCEDURE
EEHZBRE a£ SOLVENT
APPARATUS
A shaking machine, 50 ml glass-stoppered graduate
cylinder, 100 ml glass-stoppered volumetric flasks, standard
volumetric and graduated pipettes, 50 ml centrifuge tubes, 40
ml test tubes, a centrifuge capable of attaining a speed of
2500 R.P.M., and a Coleman Phot oeletrie Meter*
DISCUSS ION OF EXPERIMENTAL PROCEDURE
The procedure as described by Brodie was actually used
per se and a fev runs of 7*5 and 10 micrograms per 5 ml of
distilled water were tried* 30.0 ml of benzene were used as
the extracting medium and a 20 ml aliquot of the benzene
solution containing the methyl orange- quinidine complexes
was aspirated from the centrifuge tube and added to 2 mli^ of
1 N HCL in a 100 ml volumetric flask. THe results obtained
were erratic . Such difficulties w^ere encountered by Schwartz
in the ethylene chloride method but he was able to eliminate
them by washing the benzene phase vith 1 ml of distilled water.
The optimum pH, as stated previously, for complex formation
is 5, so great care must be taken to remove the alkali before
the methyl orange is added. Although Schwartz was able to
do so* This is probably due to the more advantageous
distribution of quinidine between ethylene cloride and water
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EXIERIMEFrAL PROCEDURE
EENZEKE the SOLVENT
as compared to its distribution between benzene and water*
It is hard to understand wliy only a 20 ml aliquot was
advocated, since such a process will result in only a two-
thirds recovery ol the total colored complex thus lowering the
sensitivity of the method appreciably* Realizing this I
decanted all the benzene layer containing the colored complex
into the flask containing the 1 N HCL but again the results
were not consistent and reproducible* Evidently some of the
excess methyl was decanted into the acid solution along with
the benzene layer and this gives the same pink color as the
colored complex when acidified. It was evident from the data
thus far that the distribution of quinidine between the
benzene and water is not too favorable; this was out born by
attempting a few double extractions. The amount of color which
resulted from the second extraction was quite appreciable.
In order to promote a more favorable distribution the volume
of benzene was increased to 47 ml. This particular volume was
decided upon since it would serve to extract about 8 per cent
more quinidine ano still keep within the limits of the 50 ml
glass-ware especially the centrifuge tubes
Because of the negligible polarity of benzene, adsorption
of quinidine on glass surfaces is extremely large. The
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EXPERIMENTAL PROCEDURE
BENZENE ££^ SOLVENT
necessity of adding some highly polar substance like isoajnyl
alcohol to prevent this is of paramount importance . This vas
vividly demonstrated. The procedure as outlined by Brodie
vas follovea first by adding the alcohol and second by omitting
the alcohol. In both cases the concentration to be determined
vas 10 micrograms. In the first instance, the results were
consistent and gave an average reading on the Coleman of 68
versus 91 for the determination when the isoamyl was omitted.
To assure an excess of methyl orange when determinations
for high concentrations were attempted it seemed advisable to
use a concentrated solution of methyl orange instead of the
solution proposed by Brodie# A most successful modification
introduced in the benzene method was a way of removing the
benzene from the initial aqueous layer, and the benzene
containing the methyl orange-quinidine complex from the excess
of methyl orange. It was found that an excellent separation
could be made by the use of a capillary aspirator connected to
the tap w^ater aspirator. The layer to be removed can be caught
easily in a test tube and the separation made to within 0.1 ml.
Using such a device a 43 ml aliquot was taken instead of the
20 that Brodie suggested. Thus the recovery of the colored
complex was increased from 67^^ to 92^. Combining the individual
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EXPERIMENTAL RROGELURE
BENZENE ^ SOLVENT
Bodificstions a standard ctirve for quinidine was determined.
The procedure finally adopted "being as follows:
Add 1 ml of quinidine standard solution, 4 ml of H2O and
1.0 ml of 10 per cent sodium hydroxide to 47 ml of benzene
in a 50 ml glass-stoppered graduate cylinder and shake for
15 minutes on the shaker. Allow the phases to separate.
Add 0*5 ml of isoamyl alcohol and mix with the benzene
phase without disturbing the aqueous phase. Aspirate the
benzene layer into a test tube and pour all of this into
a 100 ml volumetric flask containing 0*5 ml of the
saturated methyl orange solution. Shake for one-half hour
on the shaker. Centrifuge the solution for 10 minutes at
2500 R.P.M. Aspirate the benzene layer again and pour 45
ml of it into a 160 ml volumetric flask containing 2 ml
of IN HCL. Shake lor 20 minutes. Centrifuge the solution
for 10 minutes at 2500 R.P.M. Insert a 2 ml pipette into
the acid layer after aspirating off the benzene layer.
Transfer 1.5 ml of this to a microcoleman tube and read the
optical density oi the solution, setting the instrument to
zero absorbance with” 1.5 ml of IN HCL at a wave length
of 515 m .
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linear under the cited experimental conditions* Nevertheless,
the results are consistent and reproducible so they may be used.
That the colored complex does follow Beer’s law was quickly
ascertained by diluting the color developed from a 40 microgram
sample twofold with IN HCL and this in turn twofold etc. The
intensity of each of the resulting colors was measured and a
plot of concentration versus L made which turned out to be
definitely linear* The latter shows beyond doubt that the
non-linearity of the experimentally determined curve is not
inherent in the colored complex itself but rather that it is
a consequence of the solvent and the experimental conditions.
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EXI!ERIMEirTAL DATA
BENZENE as the EXTRACTING MEDIUM
' Quinidine Standard Curve:
47 ml of Benzene
Mlcrograms
Q,uinidine/5 ml Transmittance) L(2-Log G)
0.0 98 .0088
98 .0088
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64^ .1888
65^
.1838
20.0 66^ .2480
56, .2518
55^ .2596
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52 .2596
40.0 47I .325
50 .308
47 .328
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Q,uiniciine Stanaara Curve:
30 ml of Benzene
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Quinidine/S ml G{% Transmittance) L(2-Log G)
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Double Extraction
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EXI^IMEITTAL roOCEDURE
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Having established that the source of the non-linearity
of the benzene method is not inherent in the colored complex
itself, it remained only to promote conaitions to bring about
the desired results. On close inspection of the data, it ras
obvious that benzene, as an extracting medium, vas more
efficient at the lover concentrations. It vas thought that
perhaps a more efficient extraction could be accomplished if
the portion of benzene used was divided into two equal parts
and a double extraction made. Thus an attempt vas maae to
facilitate a greater recovery of the quinidine from the aqueous
phase. Unfortunately, the results using the latter technique
were identical with the results of a single extraction.
Evidently, one of two explanations was in order. Pirst, either
the single extraction removed all the quinidine or secondly,
ithe amount of quinidine removed over and above that removed by
a single extraction vas not within the sensitivity of the
apparatus and could not be detected. The problem was-- which
of the two explanations was consistent with fact? On the
ianswer to such a question rested the advisibility of continuing
with benzene. If the first explanation alone were the real
one, then essentially nothing could be oone to improve the
benzene method. No other solvent could be employed to bring
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aljout 8 more favorably distribution since the maximum
extraction and are not considering the effect of benzene of
promoting association and dissociation of the colored complex.
Obviously, the solution vas tied up vith the distribution of
quinidine betveen water and benzene. Accordingly, the volume
of benzene used Y^as cut down to 30 ml so that optimal
extracting conditions would not be approached. A single
extraction using 30 ml of benzene vas performed and a double
extraction using two 30 ml portions of benzene. The difference
betv'een the L values of the tvo procedures followed represented
that quinidine not removed by the single 30 ml portion. The
L determined by the double extraction was about 33^ higher than
that of the single extraction. Evidently, the distribution of
quinidine betv'een water and benzene is poor for extracting
purposes. A rough calculation of the distribution coeficient
would be as follows:
7 -
3^ - Distribution Coeficient ”
3
That is, of a 10 microgram sample, only 7 micrograms was
removed by the 30 ml of benzene • Even •when the amount of
benzene was increased to 47 ml only 8 out of 10 micrograms
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vere removed* So, es a temporary ansver to the question posed
above v^e may say that all the quiniaine ras not removed and
that the additional amount removed by a second extraction
could not be detected since it amounted to only 1.2 micro^rams.
The latter figure is easily calculated from the above equation*
Perhaps the reader has been avare of at least one
im.portant fallacy in the above logic. It ras assumed through-
out the discussion that the final amount of quinidine
measured ras 100^ ol the amount of quinidine extracted from
the aqueous phase by benzene. That is, if 8 micrograms rere
detected it meant only 8 microgrems rere extracted by benzene.
Such is not necessarily so. It is entirely possible for the
distribution of quiniaine to be much more favorable then
calculated* The lor recovery of quiniaine hiight be due to a
loss ol some quiniaine alter it has been extracted from the
aqueous phase. The latter is quite comptabile rith the data
'already reviered. It has alreaay been mentioned that the
absorption of quiniaine on glass surlaces is unusually large
and that a highly polar substance like isoamyl alcochol has
to be introduced to prevent the absorption. Experimental
evidence has alreaay been cited to shor this. Thus, most of
1he difficulties encountered rith the benzene method, might be
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attributed to the polarity of the solvent.
With this in mind, I directed my attention to the
possibilities of employing a nev solvent. The nev medium vould
have to be as good a quinidine solvent as benzene and in
addition, be more highly polar. Such criteria vere met in the
substance toluene, the mono-methyl derivative of benzene.
Other than being a more polar substance, toluene has other
advantages over benzene as a solvent. Toluene is less toxic
than benzene and vhat is more important, no emulsions are
formed vhen it is shaken vlth an aqueous phase. In the
preparation of a standard curve, as has already been described,
extractions are maae from aqueous phases. The little emulsion
that Ibrms betreen benzene and rater is not particuJarly
troublesome, but it means either an additional centrifugation
has to be made or else, and this is preferable, the mixture
must stand for at least trenty minutes until the boundary be-
treen the benzene and rater is sharp enough to allor one to
jaspirate oil the benzene. One might suppose that a
centrifugation rould be more suitable since it requires less
time, but it is a good princfple to avoid unnecessary handling
of the solutions because of the minute amounts rorked rith.
Toluene offers one more advantage over benzene rhich at first
does not seem too important. The boiling point of toluene is
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111° rhile that of "benzene is 80O, This effectively means that
a greater recovery of the solvent can "be made when toluene is
employed. It was found that a"bout 43 ml of "benzene could "be
recovered at the end of a determination while a'bout 45 ml of
toluene could "be recovered. The dif ference of 2 ml is
attributed to a greeter evaporation of benzene during the
centrifugations. To effect the same per cent recovery of benzer|)B
as one gets with toluene, one would have to stopper the
centrifuge tubes. Thile each advantage of toluene over benzene,
in itself, does not seem too important, taken collectively,
they aid in the fulfilment of the criteria previously stated for
a suitable clinical method.
The reagents, apparatus and procedure followed using
toluene were exactly the same as those described previously
under the benzene procedure v^ith one exception. The initial
shaking time was increased from 15 minutes to 30 minutes to
insure equilibrium.
Discussion of Results Obtained:
The standard curve was prepared exactly as described under
the benzene procedure. The observed per cent transmission of
each resulting acid solution was converted into the
corresponding L value and this plotted against the concentration
of quinidine
. The relationship between L and concentration was
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linear from 2.5 to 10 micrograms. The method is not sensitive
enough to measure accurately any amount of quinidine below 2.5
micrograms. The portion of the curve above 10 micrograms was
not investigated for two reasons. First, levels above 10
micrograms per ml are not compatible with life and secondly,
if the occasion arose to measure greater amounts of quinidine,
the samples could be diluted so that they would fall within the
range described.
Stability of the Colored Complex and Standard Quinidine
Solution ;
The pink color resulting when the methyl orange-quinidine
complex is extracted into the HCL layer is quite stable. The
transmission of the solution may be measured as much as 24
hours after the color has been developed without any
significant change, provided that the solution has been
refrigerated all this time. The solution should be allowed to
come to room temperature before its per cent transmission is
read in the Coleman Photometer.
The quinidine sulfate standard prepared in .IN sulfuric
acid is stable, if kept refrigerated, for about one month. It
is advisable to discontinue the use of the standard after such
a period and prepare a fresh one.
jgi;j([ar)Q>Tq
9n[j; SB v'^i;>njU[OT
I
9vid-xe«9e ^on ax arfr ^sisoTDxa Of oS a. 2 aoil: Tsonll
I
a.S ^lerf ocibiaiup lo tooas
.:XejOT«ooii oJ rf3x«,r,8
eBT ain3i30ioliii OX avocf? sv^uo ariJ lo notf,oq arfr
.ansTjoioXn
OX 9T0<X« BXaTsX
.iaxc’f
.anoBSST o^J io1 baJBsiJesTmX toa
.'CXfcnooae bns eliX dit^ slditeqmo ion 31b Xm qsq sasijwTolra
toulbiaiup lo B^auoaa STasaBra o* bbotb noXaaooo 9tf* tl
orti atdii^r XXal 6X»ot ^arfj Jail^ oB bBjoXio sd br„o 3 -39X00188 art*
• hsojt^oesb sjcrrsi
££lL^Af!iZi2 bfra xalgaipO ba^oXoP 3rf£
t floi^xfXoa
9ftlbXfi:up-9:vrB70
srCcf toXoo :Intq srfT
BriT .aXrfajB 9^i»p Bt 19-taX JOH sK.t oJiri bsJoaiXxs 8x xaXamoo
bS ea dovm ea ba-iUBaant atf ^an noXXaXoB adJ ^o noxBBioTBnsiJ
?.T8 JiiortJt’r btxinXsvab rtasd earf ToXoo adi leiia aacorf
naed aad aottulos s^iU tadt baolvoqq
, sgnarfo ^^aoi^i^3i 8
oJ bs-roXXa ad bCuode noliuHoe odT .snttj airfj rXa badaia^ioia,
si mteetmenan Jnao laq Bdi aaolecf aai/JaoBcraiaj otoot ot satoo
nootsXoO erf:)' rii bsa-r
oiTolXua m. nt bsreqaiq bisbetaia eta^Lue ^nlblntup sdT
d-I
-dittom eno tuoda •zo't ,b9&ar:9^1i^Q^ ^ .aZdaSa at btos
d9ue Ta^-is faTsbfracre odS to eaix ed^ eur^tirtoostb oS eldsatvbs ax
• eao xfESTt 3 9rL9qQrq baa boii^q a
^i^XHiRIMENTAL PROaaDURE
TOniENS a£ SOLVENT
The Ejffect ol Varying Amounts of HetKyl Orange ;
As ras previously stated, a saturated solution of methyl
orange, vas substituted for Brodie’s solution to insure an
excess of methyl orange. Since the vater blanks do not have
100^ transmission, it was thought that perhaps some methyl
orange dissolved in the toluene ana contributed the slight
color of the T/rater blanks. Thus, the amount of methyl orange
might be a critical factor. Two distilled water blanks were
run, adding to the first 1 ml of methyl orange and to the
second 1.5 ml of methyl orange instead of the .5 ml normally
used. The per cent transmission measured was exactly the same
in both instances and was equal to the per cent transmission
obtained when .6 ml of methyl orange was used. From this it
may be concluded that the amount of methyl orange is not
critical—provided there is enough to combine with all the
quinidine present.
Reagent Blanks ;
I chose not to follow Brodie*s advice of using a reagent
jblank to set the Coleman at 100^ transmission. In place of the
reagent blank I used 1.5 ml IN HCL. By employing such a device
I could eliminate the necessity of running reagent blanks
concurrently with each quinidine determination* The per cent
I
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transmission of a numher of reagent "blanks, therefore, had to
he determined and the average L of these obtained. By
subtracting this average reagent blank from the value obtained
v'ith quinidine solutions, the color due to the methyl orange-
quinidine complex could be arrived at. The reagent blanks
vere consistent and gave an average L value of .0064, less
than that obtained vith the ethylene chloride method.
Plasma Blanks ;
The toluene procedure vse tried on 1 ml of plasma
diluted to 5 ml with vater and on 5 ml of plasma alone, to
which no quinidine had been added. The plasma was obtained
from human blood* Coagulation oi the blood was prevented
either by adding 10 ml of a 5^ sodium citrate solution to 50
ml of blood or else by adding 2 mg of potassium oxalate to
each ml of blood. The oxalated end citrated plasma blanks
were essentially the seme, and the results obtained with 1 ml
of plasma were identical with the results obtained with 5 ml
of pla sma
.
As would be expected, the procedure as outlined
previously, could not be applied per se to plasma and serum
solutions. It became necessary to introduce a few' modifi-
cations to deal with the precipitated proteins, ^hen the
toluene and alkaline plasma solutions are shaken, they do not
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separate sharply enough to alloT" the toluene to he aspirated
off rithout too great a loss. It ras found that the
precipitate must he allov^ed to settle and the mixture
centrifuged before one can proceed to aspirate off the toluene.
The procedure finally adopted for plasma and serum solutions
vill he discussed in length under the section of recoveries.
Serum Blanks ;
Blanks vere run on 1 ml of horse and human serum diluted
to 5 ml and on 5 ml of serum to vhich no quinidine vas added.
The results in all cases vere identical vith each other end
vith the plasma blanks. Serum is easier to vDrk vith, since
the fibrinogen has been removed. Thus, the precipitated
proteins are less voltaminous and easier handled.
Recoveries Erom Serum ;
The procedure, employing toluene as the solvent, followed
in performing the recoveries of quinidine from serum is as
f ollovs
;
Add 1 ml oJ serum, 4 ml of vater and 1 ml of 10^
sodium hydroxide to 47 ml of toluene in a 50 ml glass-
stoppered graduate cylinder and shake for 30 minutes by
hand. Allov the precipitate to settle. Add 0.5 of
isoamyl alcohol and mix vith the toluene phase vithout
disturbing the aqueous phase or precipitate. Transfer the
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mixture to a 100 ml centrifuge tube carefully and
centrifuge for 10 minutes at 2500 R.P.M. Aspirate the
toluene layer into a test tuhe and pour all of this into
a 100 ml volumetric flask containing 0*5 ml of the
saturated methyl orange solution. Shake for one-half
hour on the shaker. Centrifuge the solution for 10
minutes at 2500 R.P.M. Aspirate off the toluene layer
again and pour 43 ml of it into a 100 ml volxanetric flask
containing 2 ml of Ifi HCL. Shake for one minute tyhand
vigorously, and lor 20 minutes on the shaker. Centrifuge
the solution for 10 minutes at 2500 R.P.M. Aspirate off
the toluene layer. Insert a 2 ml pipette into the acid
layer and transfer 1.5 ml of it to a microcoleman tube
and read the per cent transmission of the solution, setting
the instrument to read 100^ transmission vith 1.5 ml of
IN HCL, at a wave length of 515 mp.
One has to he careful not to disturb the serum solution or
protein precipitate when mixing the isoamyl alcohol with the
toluene, as the solubility of quinidine in isoamyl alcohol is
very great. If the mixture were shaken after the alcohol were
added, the alcohol would serve to extract some quinidine from
the serum solution and contribute it to the quinidine
extracted by the toluene. The high solubility oi quinidine
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was demonstrated by dissolving 100 mg of quinidine sulfate in
rater and another sample in isoamyl alcohol* Volume for
volume, it took less alcohol to dissolve the quinidine sulfate.
Because of this high solubility of quinidine sulfate in isoainyl
alcohol, it was thought that the isoanyl alcohol might serve as
the extracting medium in place of benzene or toluene. Un-
fortunately, rhen the highly polar isoamyl alchol is shaken
rith rater emulsions result similiar to those incurred rhen
ethylene chloride is shaken rith rater.
In performing the recoveries of quinidine, serum from
patients ras not used, but rather a stock solution of quinidine
sulfate ras prepared in serum. 5 ml of the standard solution
used in determining the standard curve ras diluted to 50 ml
rith horse serum yielding a final solution containing 10
micrograms of quinidine per ml of serum.
The method as stated, cannot measure any amount of
quinidine belor 2.5 micrograms. It ras thought likely that
5 ml of serum could be used in those cases where the con-
centration of quinidine ras belor 2.5 microgran® per ml in an
attempt to bring the total amount of quinidine within the
range of sensitivity, but the recover of quinidine from 5 ml
of serum is not good.
Most of the criteria for a successful clinical method for
the quanitative determination of quinidine in serum have been
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fulfilled. The method requires only 1 ml of serum; it is
simple, quick end sensitive enough to measure any amount of
quinidine above 2.5 micrograms. The method developed is in
no sense of the vord original. It simply represents an
adaptation anu extension of Brodiefe vork*
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Quinidine
TOLUENE
Standard
EXPERIMENTAL DATA
as the EXTRACTING MEDIUM
Curve
;
1
Micrograins/5 ml G( % Transmittance) L(2-Log G)
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Quinidine Standard Curve
Micro^rams
Quinidine/5inl
Corrected L
(minus hlank)
Corrected L
Concentration
or
K
'i
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Error of
1
Mean K 1
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Quinidine Standard Curve
Calculations
a. Sum of the individual K’s
h • Mean K
c. Sum of K - Squared
d. rK-Squared ( M equals 12 )
N
e. Sum - of K Squared
f. Sum of K Squared Minus K Squared
N
(Sum of the Deviations Squared-=D )
g.
^
D Squared
N-1
h. ^ D Squared
rP Squared
" H-1 ( Standard Deviations)
.iVI b Squared
N(m- 1)”^ ( Standard Error of Mean
.15838
.013138
.0250842244
.0020903520
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A.
TOLUENE as the EXTRACTING MEDIUM
Distilled "^ater BlanUsj
i,
'1
j
I'"'
ml
i
of Tater G( ^ Transmittance)
1!
L(2-Log G)
5 98| .0066
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|!
5 98^ . 0066
!j
B. Horse Serum Blanks:
!!
!1 .
1
ml of Horse Serum G( ^ Transmittance)
1
L( 2-Log G)
1
,
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1 1 99”^ - .0033
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'l 5 99}
tl
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,1
5 99^ .0033
i c. Citrated Human Plasma Blanks:
1
' ml
-|1
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EXEERIMEFTAL DATA
'
1 D * Ojcalated
TOLUEHE as the EXTRACTING MEDIUM
Human Plasma Blanks
:
j
'
ml of Plasma G( % Transmittance) L( 2-Log G)
1
1 99 ^ .0033
1 99^ •0033
1
5 99^ .0033
5 99-'- .0033
E. Human Serum Blanks
i
ml of Serum G( % Transmittance) l(2-Log G) !
1
1 99i .0033
1 99 .0033
5 99} .0033
1
5 99 .0033
1
!|
f
1
!
'i
E. El feet of Methyl Orange on Distilled Water Blanks;
1
ml of Methyl Orange G( ^ Transmittance) L(2-Log G)
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EXEERIMENTAL DATA
TOLUENE as the EXTRACTING MEDIUM
Recovery of Quinidine Added to Serum
ml of
Serum
Quinidine
(Micrograms)
G
{% Transmittance)
L
(2-Log G)
1 10 72^ .1397
1 10 72 .1427
1 10 73 .1367
1 10 74 .1308
1 5 86
.0655
1 5 85^
.0693
1 5 86^ .0630
1 5 89
.0505
1 5 85
.0706
1 5 88 .0555
ml of Corrected Am’
t
%
Serum L Recovered Recovery
1 .1364 10.3 103
1 .1394 10.5 105
1 .1334 10.1 101
1 .1275 9.6 96
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TOLUENE as the EXTRACTING MELIUM
ml of
Seriom
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L
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%
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1 .0622 4.7 94
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1 .0597 4.5 90
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1 .0673 5.0 100
5 .0522 3.8 76
>vT^>.U. J.A.Tr:cWLH.^Z
MUI(X££I Ol^TO.UTFX/i ©rfc^ S3 I'JrSUIOT
^lavooeJl
i*at\
t>9*ieY0 0‘jH
b'^^ost'xioD
X
lo In
ntircoB
2S 0. f
SO 9.> 03-30. C
09 ?9d0. r
5?V 3.5 sv^o. I
001 0. • 5V30. I
0^ 8. '. r-'ao. e
a\
4^
1
Vs
rs
Q
Q
a
I
.rs-
a
o
SI
oi
0
0 :
\'
>/
> >
o <01
Vj
V
-
-a.
?!
rsi
..
«« sj
'S
•-
-t-
—
A
lo
X >>
a
a vr a. rs >• 's
S' Cd^ ^ 'A/ A/tf
oy
•/<)
VJ.
•//
./fa
i_fj^.j,a^^)
-^i-
'J-y

B IBLIOGRAPHY
1. Acton, H. and King, H.
The Nephelometric Estimation of Quinine in
Blood, Biochem. Journ., 15, 53, 1921
2. de Boer, S. and Holtkamp, H. J.
Effect of Medicine on Auricular EiBr illation,
Proc. Acad. Sci. Amsterdam, 266-7,
1936, C.A. 30
3. Brodie, Bernard B. and Undenfriend, S.
Estimation of Quinine in Human Plasma vith a
Note on Estimation of Quinidine , Journal
Pharmocology and Experimental Therapeutics,
78, 154-8, 1943
4. Brodie, B. B. and Underfriend, S*
Estimation of Basic Organic Compounds end a
Technique for the Appraisal of Specificity,
Journal of Biological Chemistry, 158 , 705, 1945
5. Brodie, B. B. and Associates
Estimation of Basic Organic Compounds in
Biological Material, Journel of Biological
Chemistry, 168, 299-350 1947
6. Cerol, J.
The Determination of Quinine hy Absorption
Srectrophotometry, J. Assoc. Oificial Agr.
Chem., 25, 524-29, 1942
7. Delevett, E. E. and Poindexter, C. A.
Plasma Concentrations of Quinidine with
Particular Reference to Therapeutically
Effective Levels in Tvo Cases of Paroxysmal
Nodal Tachycardia, American Heart Journal,
32, 697-703, 1946
8. Dietzel and Paul, T*
Aminometric Estimation in Anhyarous Chloroform
Solution, Arch. Pharm., 275 , 507-515, 1935,
C.A. 50
9
.
Ef inemko
,
0 . M
.
Determination of Cinchona Alkaloids by
luminescence Method, J. Applied Chem.,
(U.S.S.R.) 13, 1400-5, 1940, C .A. 35
r
.H t'cnt*'! .H tCta^’oA .1
ni ©nxnitjp io noiitscif&eS. olT:t?»<ffo rerfoan’ ©cfT
1^61 •mi/oT; .'Ttorfooia’ «fooora
T. -.^T ,<xia6^J’XoH bns .8 ,1003 ox» ,S
.rxoi^alXiirfx i i^.Xx/oiiifA nu onlolfto?! "o
,?-dOS ,Gj: ,;ir^b*ioc)‘irL\ .to?. . djroA . ootTI
08 .A.O ,3801
.2 inobnn brio .SbiraisS ,o2boi3 ,-5
3 rfJiv Sflie^'X^ n'^fiujH nt ^nlrtln;^ 2o ftoi J
-r!u J-a:;:
Xcnii/oT.
,
^nlbinluyj lo acli ',nj:^eA no o^olX
,co2^x/^3iorXT I iifi ja^ioqx,; bna i^o^Iooamaifo
^i.(?T , 8-^3 I ,3?
• t.
, onoii tiofoaU one. .3 .3 ,oiboi3
•r ban BbnunqmoO oln^ij^rrO oIb^B io
,Y^lo 2 >iojq8 lo r^.a; ^iiqA erfJ 10
1
srxplnrfn^jT
e^Oi ,aor ,3^ tsrfr reoix^roxa; 10 ’’annuof^
801<ioofi«A b;fx .3 .3 ,o2bo'!3
.a
nc 8i)rujoqnnD ;>2 n*^'JiO oXeaS Xo rrol^ciiiXF'
raoXj^Xold ro f-'an/o-. ,XB2'ro^jjf X^Dip^IoXX
rtk?l 0a':;-063
, 8dl tViXalioX'J
tr^ToO • )
noiXqioetfA Oftinlxj^: ‘‘o noXXsnifnio't-^. o^rT
..
•
. r'.loXiiC' .ooBBi'i .u
,
,.a-XD
.A .' ,i‘?Xx3balo3 bn ^ •^ • ,XXt>vaXo<I .?
rfJ^iTT nntoifft lo saoiX’5iXn:sofro.'; anrexf"!
Xt/»qBiad'l 0 ^ ODflOrotofT
-r-Xwni^iiq
I 1^0 sooi ov*r at aXar-jj 9vfio»3T3
,/iiaiifor. X*ieo!I nayxioTtA , 'jibiaovdoeT Xsboil
3X01 ,r> ,<55
tXrja^i b;i XdsXaid .0
axo'xoioXrfO uionov/ju ni fioi^4*ni3o7 oX-rit..'aoafit^
,S8t..
, ,,1 3 "V ^ » 2^* , • xt7 • f(oiA • rf" X XoS
q_ .A.o
.K .
,
02£fflafli -Z ,0
\;3 pbioX^^TX-. irrorfoniD "> aoXX^tnlu^XofT
.
. TJiP DTiiLqqfii. . L oorr? 'oafTlnaT
a ^ . D ,0X?£ ,e-OOXT ,8I (.F.C.e.’T)
10. Ffineniko, 0. M.
Bromine Method lor Betermint-tion of Quinine
AllfEloiQS, Bioldiimiya, 3» 792-5, I938. C .A^—33
11. EidermEn, E. M.
Methyl Red as an Indict or for Determination
of Several Alkaloids, Barm* Zhur. 1928,
602-6, C.-^. 25
12. Eisenhrand, J.
Sensitiveness oi Thalleioquin Reaction, Arch.
Pharm., 296, 65-7, 1931, C.A. 25
13. Espinos, G.
Microcemistry of Alkaloidal lodohismuthates,
Ann. Med. Legal Criminal Police Sci., 12 213-21,
1927, C.A. 22 , 1928
14. Fahre, H.
A Method for the Spectro-photometr ic
Determination of Fluorescent Substances, Bull.
Soc . Chem., 1304-10, 1925
15. Feinstein, H.L. and ITorth, F .0.
Fight Blue as an Inaicetor in Voliunetric
Titration of Alkaloids, J. Am. Pharm. Assoc.,
22
,
415-9, 1933, 27
16. Foy, H. and Kondi, A.
A Nev(Method) Photonephelometr ic Method lor
Determination of Minute Amounts of Quinine,
/jin. Trope. Med., 497-515, 1935
17. Gibbs, 0.
On the Absorption of Quinine by Blood Cells,
J. Pharm, and Ex. Ther., 185, 1928
18. Goodman and Gilman
The Pharmacoloical Basis of Therapeutics,
Macmillan Company, Fev York, 1941
19 . Grant
,
J
.
The Titration of Quinine in Ultra- Violet
light, Analyst, 653-4, 1931, C.A. 26
20. Hatcher, R. A. and ^eiss, S.
A Method for Determination of Small Amounts of
Ouinine and Quinidine vith Bromine Tater, Proc,
Soc. Exptl. Biol. Med., 33-5, 1925, J.
Pharm. and Ex. Ther., 29, 279
* f' ^ r ,
-• a^-4
rak. 1 *
-*-—»--^iBn ill pi ma III ii '-Vfn
[4:.
^ \ .Mh .0 eOiCgitiCfll:? ,01 '
rJi® »ai«iup#lo noi*^^tTiBn3<J’fi»a *10 1 h<5{l:^«M <ii
,5-ser ,5 ,4i>citiar{ioia: ,B.)ioXaiflA ''>K' 3 I
T I ^ ^
'*
^
^ » .il-.a noorrabi^r *11 i:
aox^aaiwrrtfd'ad i troi-oi^nl^^ aa sas baH
^’’p' f829I • lurfS j^*iii*is1 t ebioXa^rA X»«T©va8 to
•' "' 'MinBHH S2 »A,o ,a*20d
^ ^ .
*Z tbaBidaoBtZ .21
• Kotl-. iftottoaaJl flitfpoiaIXarfT lo aeanarl’Jlaiiaa wa^mmm'^
d2 «A. D «I59I
,
V~C8 fn dg2 i'*.inr6ifX
.0 taonlqaJ^ .51
- }
Ik. *^r i _ . -
,8s;^?rf^ijaiet(foboI XBbioX^iXA to ^iaiat^rvo-iolU
«XS*5IS ^ « * loa doiXo^i Xsnin^'TO Xs?aJ .baM tjioA
.22 .A.O »?22I
^
ftlitaoo^orfq-oiJ-o&qe aif^ ’lo t ' aotiSoTl A
!V’
1
’tH*
’XXi/a^ 1 6^9ns:foiX«i2 ^fiaoes'JouX j,lo rroi^anlwitd^'aci
^ • 0. f 6S^I »0I«^0£;x ,./tfed[0 •ooB
^ >#1 t| * 9
^ J" .O.T ,rf^*io3 ba? .I.H ,nie^Bnta^ ,81 t\.- ,
> 5
' oi-x^*iiii;XoV at ‘soc^JolDtil as 83 ai/XS v
* t* 9088/1 .nrx3tC5 .(Eifi ,1.
^ auioXcTifXA To T^X^3*»i:tT 1*4 * *
.^.0 ,SS9I
, 2Sr?;
** f
p_
f
^ ^ .A fXbar»?f baa .H t^o'C .81lot bodioU oJLiJ’^oXorfqeno^OffJ (borCioiTj^roU A
,drrlnti/D :o a^txuomA oduntH to nnl^3«i«T8^a(I
3
‘91 »3I8«*?P^ ,92
,
• bsU •«»ci'^'rT .niA
«aXr30 booli. aatniop lo oot^q^oatfA aifj^ aO
3291 ,881 ,.Td«fT .xi boa ,ina'fT .t
.0 .n
nwvXlC bns nsabooO *31
, fl^XinaqaioffT lo otaoS rsoioXoDontiapfr oriT
ii-9i ,Tfinr Ttjii aarrtcioaif
^aXoty laifrtyp lo noX^siilT arfT
83^ .A. 0 ,r^9I ,A«883 ,X«^8aA ,^d!5iT
3
/'^
**
' *8 tests'*^ uas .A -H tWcfoiaH .OS
lo •JcujonA IlsmB. lo iol borfJaVC A
,90'!^ ,i3.tRT ©niftioia^rftiip dolbintwp bits itatntu^
• I .3291 ,8-85 ,:SS ..iiaM .Xoir.f>qxS: .>o2
9?2 , , aarlT .x?J ba« .orrafRt
*1
21. E. P. end Quinn, G. P.
The Distribution of Quinine, Quinidinc and
Cinchonidine in Pluids ana Tissues, J. of
Pharir.. end Ex. Therp., 83, l^o. 2. 1945
22. Holy, M.L. and Kelilenberg, L.
Potent iometrie Titration oi Alkoids vith
Biiretallic Electrodes, J. Am. Phsrm. Assoc.,
20, II-5, 1931. 25
23* Ionesco-Mat iu
A Her Volumetric Method, Mon. Prod. Chim., II,
No. 109, 1-6, C.A. 23
24 . Kaiser, E . J.
Method of Determim t ion of the Quinine Content
of the Blood, Rec . Trav. Chim., 117-32,
1938, C.A. 36
25. Kelsey, P. E. and Geiling, E. m.
Microdetermination of Q,uinine in Blood and
Tissues, J. Pherm. and Ex Ther., 75, 183-6,
1942, C.A. 36
26. Kyker, G.C., Tebb, B.D., and Andrevs, J.C.
The Estimation of Small Amounts of Quinine in
Blood and Other Biological Materials, G.
Biol. Chem. I^, 551-67, 1941
27. Kyker, G.C. and Loris, D. P.
The Microdetermination of Certain Alkaloias
and Bases by Photometric Turbidimetry
,
Journal
of Biological Chemistry, 157 , 707-16, 1942
28. Lapp, C. H.
Ner Method for the Polar imetric Determination
of Quinine and Its Salts, itnn. Chem. Anal.
Appl., 15, 289-301, 1933, C.A. 27
29. Linenthal, A.
Personal Communication
30. Marshal, P.B. and Rogers, V.E.
A Colorimetric Method lor Determination of
Cinchona Alkoids, Biochem. Jour., 9,
258-60, 1940
31. Monnet, R.
Quinidine Thiocyanate; Gravimetric and
Volumetric Determiinat ion of Quinidine, J.
Chim., 22, II2-I , 1935
.x) ,naiir^ i>rt^‘ .<? , 2: .!<?'
bna 9aci>intiLr,: lo fioi.ti/Jli:tel-I ocfT
to •> * 3;'«iPB{T jon ^ abijjfi nt bnf oirtorfoniO
Sf-*?!
.S' *051 t*':('r9r[T .x-. jjne .Ti'rsrfi
• I , 5'racfn3 ''sf i" has
riSlv aoio'ir.^ ;o noiJBic^xT vfis^o®
t • 008 S/'. .rotrsrH .atA. . ^ t
Q
3bo*i^o6j[il oirr
.iw
,
2-11
, 0§
wl ^3^-0 0asnol
.no:i .borftaU olTieauIoV rd^I A
r-S « ,*-X ,eOl .oK
i'naJnoO 3 ffifiJt'/p s»Ki lo aoii ini-naiHCT
‘‘o
1 ‘C*'II «Sii • O "*^ • , booJ[^ lo
if.. .
-.O
•I .‘I3 8X 62E
. : ..: ,j>nrrtsO bnc . .<! ,^co^C 9>'
b«3 boora a: aolaiup io iioxi^^ni'ruairjoo'iox’i
r-*;3I ,.v 6rfT Kd bn^ . TBff .s ,o»t/fieiT
.A .s .g>er
s;
•»
.O.S ,07 *iaitA on ,.cr.T .tfcfo’' ,.0.D
.5S
fix jni^nXo j io ejat/OMA XI*^ru; >o rtoiX^ifiXea ‘•rfr
.0
, f oitioCoia bn^ MoX2
,^a-r 2d t .waifa .xoxa
, ,
•
. , ai T*' r bna
aoioXay.I;^ niaX'uD to noXXonf rr*: >X -b..7ol^ c 'f:’
I in'ri;c> '. ,’ii^r,aibi(dacfT oiid^MoXorfl v^cf acf bna
2^?X ,.I-rjr
, ?ai .^iXar-rTarfO I-iolToroXr ro
. 0 . '' •XO'jfTjr^^ ,
aoi J
->0/ oiixi“..WTil *1 iXo'^ 3 fi ^o i i>or’to*f
• f •'ijci'j . rtfi
.
fad^Taii tidi nna
•' n* lo
li *.5 ,I 0C-Cas t 3T ,.Iq^A
. 0 ^qcr^'f’ .82
. ^ ,X 3rfd-ff^»rfM .92
tioi Jaolrr.i?iTi -?0 Xarr aiea
, ^
• •
'
• *s'^»vnF bna .a.c”
.O’:
to n
- r Jan; Tf'rBd'fir, --» borfd^' oXt ds.Tfi TorTO A
»• ' ^ou .£3j:fooXa
, Bh’ i o ’{Xi'^ '^ff- "focil 0
' I’.Ol
,F ,.tsrfrfoi .X-
bri>; dJ *1 d d.ai yBTt> i^J^amxx^tdT oai^^tiJt 'j
. u io aoi d inHnsdcxI oi'jd
-in/CoV
?2. Morton, C.
The Lissocietion ena Volxiinetric Estimation of
the Cinchona Alkaloias, Pharm. J. II7 ,
168-73, 210, 1926
33. Pantschenkor
,
M. M. and Kustner, A.A.
Determination of Quinine in Blood, Arch.
Schiffs-Tropen Hyg., 137-40, 1928
34. Papavassiliou, M. J.
Volumetric Method for the Deterir inat ion of the
Alkaloias, J. Pharm.. Chem., 1^9 If 7-7,
1932, C.A. 26
35. Prideaux, E. B. and ^infiela, F. T.
Deterir inat ion of Quinine, Cinchonine, vith the
Quinhydrone Electrode and the Chdice of the
End Points in Alkaloiaal Titrations, Analyst,
55, 561-5, 1930, C.A. 24
36. Prudhomme, R.Q.
Nev Method for Determination of Quinine, Bull.
Soc. Path. Erotique, 929-32, 1938m C.A. 33
37. Ransden, . and Kipkin, I.J.
The Detection ana Estimation of Quinine in Blood
and Urine, Ann. Trop. Mea. and Parisology,
II, 443, 1918
38. Rojahn, C. A. and Seiiert, R.
i'^er Methods for he Colorimetric Estimation of
Alkaloias, Arch. Pharm., 268 , 499-520, 1930,
C.A. 25
39. Roy, A. C.
Estimation of Minute Quanities of Quininq in
Blood, Inaian J. Med. Research, 14, 129-33,1926
40. Sanchez, J. A.
A Ner Color Reaction of Quinine, Quiniaine, and
Cupreine and Its Application for Determination
of Quinine, Seman Med., 2, 681-91, 1943
41. Schemmer, F. and Koch, H.
Alkaloias Estimation hy Displacement Titration,
Arch. Pharm., 272 , 394-405, 1934, C.A. 30
42.
Schoof
Detecting Certain Alkaloias by Means of
Trichloroacetic Acid, Bull. Acad. Roy. Med.
Belg., 7, 832-5, 1927, C.A._22
3 ao^To’xT
aoli“-nfJ-a2 oii^sJcmCoV >n-. aotici ooeeJfT drfT
,21T .1. '^oloXoiTA -irfoKon.lD arf;J;
3591 ,01^: ,£’’-331
.A.
A
,T9n^ei/X .jn5 .Vf ,'i ^ .^5
,riou\ ,!>ooJfS ni: ^nintup lo ntoi^ sainsitoa
8^91 ^OA-r**:! ^^qr^^T-n'i itrfae
.T. .M ,i/ot Xi ^-'37 3cffr. ,
=>rl^ to not 1 3ni 'TiccfeC orCi ‘lo i ol^toitoIoV
ag . .0
.T . i tOrji LrrfT i>rio .i ... ,Tj;39bc7<^I .3^^
sff.t .XJ-'r ,9aiaodonl0 ’ to aoiJ in'-rra^fsKl
3dS I'y •r»l:6a.) d.^fJ -aa obo'rio’^U
..tfevI^.tA t 8iif>l 3 37;txT £3i>lol3'flA at a)n*n'^ rt I
.A.O ,0591 ,3-1 -
,
9(!nioffbin<I
. CXi/S ,'>frJtaiirQ to aoi X •rfinndJ’o l rrol oo'^tov
55 . A. O ig8«:9T~ ,S£-9g9 ,15 ,oi/pX^oi.t .xflr' . oo8
. ..1 on'? . .noben^F ,?*^;
'0 Ca ni jniniup to ;>ni jiT'
,'C'0-oelT-?<I brf*3 .o. : .7'?'^': .m. .'^nxiT sn?
81 Jl ‘^XAA ,II
to c\ot^ 'll ttz* oF lol
,9!: 51 , 8g ,.Tt*tibA{i .Ko'jA ,«ot^ra?(rA
3'^
.A. 3
.0 .A -TJO/i .95
ci£ pnlatu '. tc a AiuniU w ooJt i iX 1 1 r
dfi9T
,
Ai » »X >»clO,*K . , n*\liiaX rOOblcT
Dfl*? eonioi/ti f'
'
,?at ill up £> aoi^oaeF loIoO tsK a
aoi;laatiOT.»i^ : lot noi luol C'jcjA aJ*! bna ^'nl 'ifru:;
5A‘?I ,I9-I8d ,2 »‘b=^ noraoB , /n/n •' ro
.V ,.'£00''? ortH
• nollfiiitr tii^r^Ttooara stu 'CJ loloT ^'^lA
05 . A . L) , A59I ' , aOA- ?-95 , 2!1S. , . • rfoiA
to loost GcliTi'CrA ilatidO
.boU .'''oH .b?n.\ •IIuU ,bloA ai ^OM^oiord '-t iT
,A,0 ,? ..-oToa
tisTTnodoc .lA
tooffoS
43. Schulck, B. snu Koavac, J.
Determination ol Quinine Alkaloias Containing
Vinyl Groups, Ber. Ungar. Pharm. Ges., 16 ,
454-61, C.A. 35
44. Schvartz, ¥. K.
Thesis, Boston University, 1949
45. Shimokava, H. J.
A Nev Methoa lor the Determination ol Quinine,
J. Mea. Assoc. Formosa, 233-49, C.A. 31
46. Shimokava, H.J.
Nev Methou lor the Determination ol Quinine, J.
Mea. Assoc. Formosa, 1214-23, 1225-8,
1935, C.A. 31
47. Shvedskii, B. P.
Determination ol Quinine vith a Potassium
lodiue Mercuric loaiae Reagent, Zhurnal.
Exptl. Biol. Mea. 4, 605-613, 1927, C.A. 22
48. Smoroaintzen, I. A. ana Aaova, A. N.
The Method of Determination of Quinine According
to Hartmann and Zila, Biochem. Z. 188 279-83,
1927, C.A. 22
49 . Thomis, G. N.
Critical Studies of Methods Proposed for
Titration of Alkaloids in an Anhydrous Medium.
J. Pharm. Chim. 24, 162-73, 1936, C.A. 31
50. Thomis, G. N.
Titration of Alkaloids without Comparative
Tests. Exact Determination of Quinine, Prktika
Akad Athenon, 10, 231-5, 1935, C.A. 31
51. Unti, 0.
Quinine and Quinidine Blood Concentration and
Their Determination, Arquiv, Hig. Saude Publ.
(Sao Paulo), 9, No. 22, 35-48, 1944, C.A. 39
52. Unti, 0.
A Simple and Quick Method for the Estimation
of Quinine in Blood, Arquiv. Hig. Saude. Pupl.,
8, No. 19, 75-82, 1943, C.A. 38
53. Van Arkel, C. G.
Determination of Small Quanities ol Quinine and
Cinchonidine by Means of Absorption Spectro,
Pharm. Veekbland, 75, 485-90, 1938, C.A. 32
^ #
i.
.Tt ,o.3vsol! Ajn 3 .S fA^UsdoB
•^tlut2)tioO ariol i'jIlA 9fii:aiu to
,01 ,.8^0 . 't9:an'J .loS ysqun^.t ZyxilV
as .A.D
."K .'X tSi?8 »’rfo8 ,
^^^9T vio^koK
,
nt o^rP
,U , -iTo-jrorrrf -{8
,daif!ta- :o fxoi^9rtiai'i9;t9(I 3d^ to. or»r(5‘ss( raK \ '
»A.O .'?^-S5r: t^§, , -sooTioi .00'? 8.1. .D^’i . .
.'.K
,
3‘^‘^’>fof5i:if8 -o;
. to aot^acrtTiT 05^ io r oo^ftov ^r .i
,8-SSSI .S9-^ISI fSenirtio i •O'^caA . ivl
,
IS .A .
,
I
.T .a ,iUai>9vrr^ ,V^
rni/iaeB^o": a rfjl r oaiaiow to rrol^ iai3rr,>t»(i
.£.»nTLf.iu
,
tno^AoH .jjiool ojtijjo-rsM •u^bol 1
gg .fy .D ,wr ,- io-aoj , ;• .oaM .Iota
^1
.:i ..V t^rnoA *)r! > . ,x , aosJ’iLtiJO'io'ftS .8^^ »
S*iIi>*:r<'i>oA vuiiiii/t! :o rfo ^ y^sni trtSv -c ooT
,S8-?'C'S» . ’iT^ooid tKiliS nrtanrVn?: Ow
.A. :
.P” .8 tfirffOiP
1:0 > 53 8000*01 eJt>orfi8iC Ic eaxt^wtl* X-?t>t^{*J #
fli;ov5\yinA ai eijiora-:’ : >n .fot^aT^tT
xs .A. 8 ,.!»rei ,S?-Sr1T . i'T^TX .^.
,w .{. (attuoffT .03
t>Tld--3-isq»T O 'kfodSlr a.^ioCaAI.^ rtotiai^i?
.33£x;t3r'ia ,dntn? - ' t<3 noxi^filTn ioCE tonx . . r^aoT
I
V
,3SCT ,01 ,0000'!^ i)»'. C.i
bn i noi^ i'f^noano J 5oo£I snibinluf bna anintir
.£<£v«<^ 3bjji.. tvti/pr:.*. ,fto2 i liurP
3S .M. .0 ,8i^-aS ,S<? .'^VC ,£ ,(^rv-sq o^a)
.0 ,03
aoi orfi lol ooriioK AoiuP bnn A
, . £c[tr-' .ob£j3c. .r>i!r .vJtjjf.nA t ooc lS fii anifi'.ij ' to
e . .A . . ,31* I ,5r>-a7 ,?r . 0^' ,5
.0 .0 fTtpA^Lx fxov .sa ;
fcns ntn^jp lo G'jfJtctdu^ ICsstc. io noi^p/fi T'red'Xi:
^
,o'x,tovi^8 nojt^fT' o'JA to 2ns ’^cf eoibinoKonJtD
’iis .A.g iSSt: ,0(?-:8X ,bff«r<^%"8e’" ..uxo/^
54. Van Italie, L. and Steenla-rer, A. J.
Vanillin and Piperonal as Alkaloidal Reagents
Arch. Pharm* 265 » 696-8, 1928, C.A. 22
55. Vedder, E. P. and Masen, J. M.
The Determination of Quinine in the Blood as
a Guide to the Treatment of Malaira,
American Journal of Tropical Medicine,
II, 217, 1931
56. ^egria, R. and Boyle, M. N.
Correlation het-reen te Effect of Quinidine
Sulfate on the Heart and Its Concentration
in the Blood Plasma, The American Journal
of Medicine, IV, Ho. 3, 373-382
57* inograo
,
A.
Thalleioquin Test for Quinine, Analyst, 20
,
Ho. 3, 7, 1931, C.A. 25
'V
,
t-
'
•
'
• :
' J '
.‘•.'/f • . H i •
.>v bct3 . X oileJ'l cfRV .i»a
C^ibic C^sKlA a< Cafiottocri^ bna a.trCtnisV
tS-oea .i-rrarf^ .d07,\
. ii ,Z ,rr©P£Sil /wte . *: .as
/x)oXji ert^J- fit ©ffirrtfjp lo nol j’5ntviio:t©0C SfiT '
4 lo ©rfJ od" obtxfO a
4 ^niDi:b»M I ioiqa'iT lo f^saxuoG rrsoixaniA *
I.^PT ,VI5: ,u -
'
.T . ' ^uX^na bfiB »5? .da
^albirtltfO In .to*»> tJr a.t aol(^r ?' XToO
fioi t^jXitndonoO jofi;i 'Jdf ito- .trt i:.l!i/a
XniixuoG nsof'idrA C'ifT • -.ui b-^oXa .'rfd' nl
,5 .aJ! Jn
.A t jb'j^^ortt" .'’a
,<^ t^te^I^wA » »niai;'X.v xo* aiupoi;eXX«ffX
ar. .A.o .r';-:! ,r* .£ .oJt
If (Tf
.‘i
'
'
"" REDI COVER ^
USE "WJ” FASTENERS
FOR BINDING SHEETS
TO DUPLICATE REFER TO NUMBER
447-13
v^-'r
*
- L-
<

